T he success of tuberculosis (TB) control is threatened by the increase in human immunodeficiency virus (HIV) associated TB. In 2014, 9.6 million patients globally were estimated to have developed TB, of whom 1.2 million (12%) were co-infected with HIV. Of these, 390 000 (33%) died while undergoing anti-tuberculosis treatment (ATT). 1 This mortality rate is high considering that TB can be successfully cured with standard ATT regimens and HIV can be successfully managed with long-term antiretroviral therapy (ART). In 2012, the World Health Organization (WHO) published a policy document on collaborative TB-HIV activities to reduce the burden of dual disease that focused on 1) mechanisms for delivering integrated TB and HIV services, 2) early ART and the 'Three I's' (intensified case finding, isoniazid preventive therapy and TB infection control for people living with HIV) to reduce the burden of TB in people living with HIV, and 3) activities to reduce the burden of HIV in patients with presumptive and diagnosed TB. 2 Myanmar ranks seventeenth among the 22 high TB burden countries, and has one of the most severe HIV/ AIDS (acquired immune-deficiency syndrome) epidemics in Asia, with a prevalence of 0.53% in adults. 1, 3 As a result of this dual epidemic, there is likely to be a significant burden of HIV-associated TB. In 2013, according to the WHO report, only 16 882 (12%) of the notified TB patients in the country were HIV tested; 5413 were found to be HIV-positive, of whom 4006 (74%) were recorded as being on ART during ATT. 3 For the 2011 TB cohort, only 65% of HIV-infected TB patients successfully completed treatment, which was much lower than the rate of 89% amongst newly diagnosed TB patients overall. These data suggest that 1) there is a significant pool of patients with TB-HIV who are not diagnosed or offered HIV care, and 2) for those who are diagnosed and treated, outcomes are poor.
Amongst the TB-HIV patient cohort in the Integrated HIV Care (IHC) programme in Mandalay, one group of adults was initiated on ART after starting ATT (ATT-first group) and the second group was initiated on ATT after ART (ART-first group). This provides an opportunity to assess TB treatment outcomes in both groups. In the ATT-first group, it is now well established that an earlier start of ART after ATT commencement, especially in those with low CD4 cell counts, is associated with reduced TB case fatality. [4] [5] [6] In Myanmar, there is no published national information about when patients with TB-HIV start ART or whether this affects TB treatment outcomes. This study was therefore planned in the IHC programme, Mandalay, Myanmar, between 2011 and 2014 with the following objectives: to determine among patients with TB-HIV 1) the time to start ART and the relationship to TB treatment outcomes in the ATT-first group; and 2) the time spent on ART before ATT and the relationship to TB treatment outcomes in the ART-first group.
METHODS

Study design
This was a retrospective cohort study involving record review.
Setting
General setting
Myanmar, situated in South-East Asia, has an estimated population of 53 million, of whom 60% live in http://dx.doi.org/10.5588/pha. 16.0009 Setting: Integrated HIV Care programme, Mandalay, Myanmar. Objectives: To determine time to starting antiretroviral treatment (ART) in relation to anti-tuberculosis treatment (ATT) and its association with TB treatment outcomes in patients co-infected with tuberculosis (TB) and the human immunodeficiency virus (HIV) enrolled from 2011 to 2014. Design: Retrospective cohort study. Results: Of 1708 TB-HIV patients, 1565 (92%) started ATT first and 143 (8%) started ART first. Treatment outcomes were missing for 226 patients and were thus not included. In those starting ATT first, the median time to starting ART was 8.6 weeks. ART was initiated after 8 weeks in 830 (53%) patients. Unsuccessful outcome was found in 7%, with anaemia being an independent predictor. In patients starting ART first, the median time to starting ATT was 21.6 weeks. ATT was initiated within 3 months in 56 (39%) patients. Unsuccessful outcome was found in 12%, and in 20% of those starting ATT within 3 months. Patients with CD4 count 100/mm 3 had a four times higher risk of an unsuccessful outcome. Conclusions: Timing of ART in relation to ATT was not an independent risk factor for unsuccessful outcome. Extensive screening for TB with rapid and sensitive diagnostic tests in HIV-infected persons and close monitoring of anaemia and immunosuppression are recommended to further improve TB treatment outcomes among patients with TB-HIV.
Public Health Action
Timing of ART in TB-HIV 112 rural areas. The National Tuberculosis Programme (NTP), together with partners, offers diagnostics, costfree treatment and follow-up services for patients with presumptive and confirmed TB, based on the WHO TB treatment guidelines. 7 The National AIDS Programme (NAP), together with partners, offers HIV testing and counselling, and for HIV-positive patients, care and ART. 8 
Integrated HIV Care programme and study site
The Union implements the IHC programme in the public sector in 24 townships through 34 service delivery clinics in Myanmar in collaboration with the NTP, the NAP and the Ministry of Health (MOH). The details of the IHC programme and the ART and ATT regimens used have been described previously. 9 Briefly, the first-line ART regimen up to 2012 was zidovudine or stavudine with lamivudine and nevirapine or efavirenz; since 2012 it has consisted of tenofovir, lamivudine and efavirenz. The second-line regimen is protease inhibitor based. ATT regimens follow WHO guidelines. 7 For the sake of infection control, all TB-HIV patients are enrolled in one particular clinic in the Mandalay IHC programme. All TB-HIV patients are initiated on ART and cotrimoxazole preventive therapy (free of charge) in line with the NAP guidelines, based on the WHO 2010 guidelines. 8, 10 Along with the necessary laboratory investigations, all patients on ART are carefully monitored at the clinics by clinicians, and are seen every 3 months if healthy and more frequently if sick. The data for patients initiating ART and followed up on treatment are entered in patient files that are kept securely in lockable cabinets. Every week these data are single-entered into a central electronic database at the office headquarters in Mandalay.
Patient population
All patients with TB-HIV (aged 15 years) enrolled in the Mandalay IHC programme and initiated on ART between 2011 and 2014 were included in the study. Drug-resistant TB cases were excluded from the study.
Data variables, sources of data and data collection
The source of data was the Mandalay central electronic database, and data were extracted between March and November 2015. Data variables included the IHC registration number; the start date of ATT; the start date of ART; the age at the time of ATT initiation; sex; CD4 cell count and body mass index (BMI) before or after 6 months of ATT initiation; haemoglobin, hepatitis B and hepatitis C status at the time of registration at the IHC clinic; the category and site of TB; and TB treatment outcomes. The classification of anaemia and BMI (for Asian populations) were per WHO recommendations. 11, 12 
Analysis and statistics
Data were extracted into Excel (Microsoft Corp, Redmond, WA, USA) and imported into EpiData analysis software version 2.2.2.183 (EpiData Association, Odense, Denmark). Univariate analysis and adjustment for single confounders was performed using Epi-Data analysis software. Multivariate analysis was performed using STATA version 12.1 (STATA Corp, College Station, TX, USA).
Analyses were performed in relation to the two groups of TB-HIV patients: ATT first and ART first. Within each group, frequency and proportions were used to summarise baseline characteristics and ATT outcomes. The median interquartile range (IQR) was used to summarise the time between ATT and ART. Associations between ATT outcomes and time between ART and ATT (including baseline characteristics) were summarised using relative risks (adjusted for confounding wherever applicable using the Mantel Haenszel method) and 95% confidence intervals (CI). Among those who started ATT first, log binomial regression (enter method) was used and variables with univariate P  0.2 were included in the model. Among those who started ART first, we did not perform log binomial regression because a high number of records (30%) had missing data in at least one of the explanatory variables.
Ethics approval
Permission for the study was obtained from the Myanmar NAP and NTP. Ethics approval was obtained from the Ethics Advisory Group, The Union, Paris, France. As this study involved the analysis of secondary programmatic data, the need for informed patient consent was waived.
RESULTS
Between 2011 and 2014, 1934 patients with TB-HIV were enrolled on treatment. Of these, 226 (12%) had no treatment outcomes recorded, and 1708 patients with TB-HIV were included in the study. The baseline characteristics of the study participants are summarised in Table 1 . At the time of ATT initiation, 776 (45%) had a baseline CD4 100/mm 3 and 1013 (59%) were underweight. At the time of entry into IHC care, 1305 (76%) patients had anaemia, 156 (9%) were seropositive for hepatitis B and 164 (10%) were seropositive for hepatitis C.
The timing of ART in relation to ATT and the ATT outcomes are shown in Table 2 . Of all patients with TB-HIV (n = 1708), 1565 (92%) started ATT first and 143 (8%) started ART first.
'ATT-first' group
Among those patients who started ATT first, ART was initiated within 8 weeks of starting treatment in 735 (47%) patients and after 8 weeks in 830 (53%) patients ( Table 2 ). The median (IQR) time in weeks to initiation of ART was 8.6 (5.7-13.7). Seven per cent of the patients had an unsuccessful outcome ( unsuccessful outcome, while those with severe anaemia had a 6 times higher risk, compared with patients with no anaemia. The timing of ART initiation (early or late) was not significantly associated with unsuccessful outcomes (Table 3) .
'ART-first' group
Among those patients who started ART first, ATT was initiated within 3 months of initiating ART in 56 (39%) patients, while 87 (61%) started ATT after 3 months ( Table 2 ). The median (IQR) time in weeks to starting ATT was 21.6 (6.0-60. 7 ). An unsuccessful outcome was recorded for 12% of the patients ( Table 2 ) and for 19.6% of a subset of patients who started ATT within 3 months of starting ART (data not shown). After adjusting for ATT initiation, patients with a CD4 count 100/mm 3 had a more than four-fold higher risk of an unsuccessful outcome compared to patients with a CD4 count 100/mm 3 . Patients who were started on ATT within 3 months had a three-fold higher risk of an unsuccessful treatment outcome compared with those who started ATT after 3 months. However, this association appeared to be confounded by CD4 count (Table 4 ).
DISCUSSION
This is the first study from Myanmar to evaluate the timing of ART and associated ATT outcomes in a large TB-HIV cohort over 3 years. The overall proportion of patients with an unsuccessful treatment outcome was small. In those starting ART first, the risk of an unsuccessful outcome was higher in patients with a low CD4 count and in those who commenced on ATT within the first 3 months, although the timing of ATT was not an independent risk factor. In patients starting ATT first, anaemia appeared to be the most significant factor associated with an unsuccessful outcome. The strengths of this study are a robust methodology, which included pre-defined operational definitions for the study population and variables, a large sample, adjusted measures of association and adherence to the Strengthening The Reporting of OBservational studies in Epidemiology (STROBE) guidelines for conducting and reporting on observational studies. 13 As we studied the entire population of patients with TB-HIV initiated on ART between 2011 and 2014 at the study site, the results are likely to be representative for the region. However, there were some limitations. Data on TB treatment outcomes were missing for more than Unsuccessful 121 (7) 104 (7) 17 ( 
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Timing of ART in TB-HIV 114 10% of the patients. There was a high proportion of missing data for TB treatment outcome dates, which precluded a time to event analysis. As data on the ART regimen at the time of ATT initiation were not readily available, we could not determine the effect of ART regimens on treatment outcomes. Data on haemoglobin were recorded on entry to the IHC clinic and not during ATT initiation. There were some important findings in this study. First, baseline anaemia at entry to the IHC clinic was common and an independent risk factor for unsuccessful ATT outcomes in those starting ATT first. Moderate to severe anaemia at entry into HIV care increases the risk for TB among HIV-infected patients. 14 Previous studies have also documented a high prevalence of anaemia in patients with TB-HIV, associated with delayed sputum conversion, poor immune recovery and increased mortality. [15] [16] [17] [18] [19] Second, the timing of ART in relation to ATT was not an independent risk factor for unsuccessful outcomes. It is well known that ART before or after ATT is associated with decreased TB mortality. 20, 21 Early initiation of ART within 8 weeks of ATT or within 2-4 weeks is associated with a lower risk of mortality, especially among those with low CD4 cell counts, even though there is a higher risk of immune reconstitution inflammatory syndrome. 4, [22] [23] [24] [25] This evidence endorses the current WHO recommendations that ART be used for all individuals with TB, regardless of their CD4 count, as soon as possible within the first 8 weeks of ATT and as early as within 2 weeks if the CD4 count is 50 cells/ mm 3 . 26 However, the evidence for these effects is not consistent with some studies that show no significant differences in survival between early and late initiation of ART. 27, 28 The findings from our study, in which nearly half the patients had a CD4 count 100 cells/mm 3 , are in line with these observations. It is likely that in the routine setting other patient factors, such as access to the clinic, financial security, clinical condition and patient readiness, play a part in determining treatment outcomes.
Third, in the ART-first group, around 40% started ATT within 3 months. This suggests that TB might have been prevalent at the time of starting ART, with the disease being missed at the initial screening because of the difficulties in establishing a diagnosis of TB in the context of severe immunosuppression or the disease being subclinical and becoming unmasked during immune reconstitution. ART failure may also have been a reason for TB developing after 3 months of ART initiation. It is well known that patients who develop TB soon after starting ART are at higher risk of mortality. 29 Our study concurs with these observations, although the association was confounded by severe immunosuppression. These findings do, however, suggest that better, more sensitive tests are required to diagnose TB in severely immune-suppressed patients. Rapid, sensitive tests such as Xpert ® MTB/RIF (Cepheid, Sunnyvale, CA, USA) and/or urine TB lipoarabinomannan (LAM) have been found to be useful in detecting prevalent TB among HIV pa- 
Timing of ART in TB-HIV 115 tients with advanced disease, and these should be considered as part of the diagnostic package in these patients. 14, 15 The Mandalay IHC, in collaboration with the NTP, started initiating Xpert testing for HIV patients in 2013. This is a step in the right direction. There are some important policy recommendations from this study. First, routine data collection must be improved so that all variables that should be collected are actually collected. Second, routine measurement of haemoglobin in patients with TB-HIV would be useful, with moderate/severe anaemia being used to identify those at risk for TB among HIV-infected patients and those at risk of poor outcomes among TB-HIV patients, who might need closer and more frequent clinical monitoring. Third, the IHC programme should strongly consider the scale-up of Xpert testing for HIV patients and the deployment and use of urine LAM to diagnose TB much earlier than is probably the case. Finally, there is scope to get more patients initiated on early ART. The rapid advice issued by the WHO in September 2015 recommended that all persons with HIV start ART, regardless of CD4 cell count and WHO clinical stage. 30 There is strong evidence that this approach reduces mortality and risk of TB, 31, 32 and this would help to reduce TB incidence and TB mortality in patients living with HIV. In this regard, there is also good evidence that the addition of isoniazid preventive therapy to ART can further reduce the risk of TB and other adverse outcomes, 32, 33 and should be considered as part of the package.
In conclusion, the study found generally good treatment outcomes in patients with TB-HIV enrolled for care in the IHC programme in Mandalay, Myanmar. Although unsuccessful outcomes were more common in patients starting ART before ATT, the timing of ART in relation to ATT was not an independent risk factor. The issues identified in this study need to be addressed for the programme to achieve the target of ending the epidemic of TB and HIV by 2030 in line with the recently released Sustainable Development Goals. 34 
